After reaching its peak at the year of 1987, the saving rate of Taiwan dropped quickly in the late 1980's. At the same time, the real average housing prices in Taiwan had increased almost three times from 1987 to 1990. Why did the saving rated in Taiwan drop so quickly after 1987? Does it relate to the dramatic increase in housing prices? Though it has been confirmed that there is a negative wealth effect of housing price appreciation on savings, the estimated wealth effect on savings could be biased if the effect of mortgage payment (also known as forced savings) on saving is neglected. Applying quarterly data from 1981 to 2000 in Taiwan, we employ a time series analysis to compare two saving models, the traditional one and the one with forced saving. Our major findings include: First, as we expected, the negative wealth effect of housing price appreciation on saving is smaller in the forced saving model than in the traditional saving model. Secondly, by the estimated ECMs, ignoring the impact of housing price appreciation on forced saving, the speed of short-run adjustment in total saving would be significantly slower. Third, for forecasting purpose, the forecast errors in ECM of the forced saving model are smaller than that in the total savings model.
Introduction
Taiwan, like other East Asian countries, is noted for its high savings rate. After reaching its high peak (38.52%) in the year of 1987, the savings rate of Taiwan dropped quickly in the late 1980s, as shown in Figure 1 , and dropping to as low as 24.03% by 2001. At the same time, the real average housing prices in Taiwan increased almost three times from 1987 to 1990. Since then, the housing prices have remains stable, as shown in Figure 2 . Why has the savings rate of Taiwan dropped so quickly since 1988? Did it relate to the rapid increase of housing prices? Or, how has the housing value affected Taiwanese people's savings behavior after 1988? These questions are significant for both academic research and government policy-making.
There are many studies on the general relationship between savings behavior and housing prices. For example, considering the effect of housing capital gain on homeowners' savings behavior, Bhatia (1987) and Hendershott and Peek (1987) used aggregate time-series data to estimate the positive effect of housing wealth on consumption. Skinner (1989) , Skinner(1993) , and Engelhardt(1996) used micro-data to test the effect of housing windfalls on savings behavior, obtaining findings similar to Bhatia (1987) , and Hendershott and Peek (1987) .
For Taiwan, Lin et al (1999) applied time series data to estimate the wealth effect of asset prices on the savings behavior of Taiwan, confirming that the wealth effect on savings is significant.
1 Hsueh and Lee (1998) and Hseuh (2001) applied cross-sectional data, also confirming that there is a windfall effect on consumption, and thus on saving.
While most literature has confirmed that there is a wealth effect on saving, Skinner (1989 Skinner ( , 1993 ) derived a mixed conclusions. He found that housing price appreciation has little or no impact on aggregate saving because consumers may be unable to realize their housing windfalls and, therefore may not treat their housing capital gain as permanent income. Skinner (1993) even mentioned that when moving costs are high, housing wealth is not significant, and his empirical results for younger people and the elderly are quite different. He suggested viewing housing wealth as a precautionary "buffer" to explain the puzzle of why housing wealth affects saving behavior of young people, but is rarely used by the elderly to finance their consumption.
When the high housing prices increase the homeowners' consumption and 1 In their paper, Lin, Wu and Chen (1999) has included both housing units and stocks as people's wealth in Taiwan. decrease their savings, it has a mixed effect on those who do not own a house at all. For those who intended to buy a housing unit, they have to save more to pay a higher down-payment. Then after buying their housing units, they have to pay a large of mortgage, so their saving ability drops quickly. 2 It is clear that the mortgage payments are an important variable in determining households' saving behavior. Deaton and Paxson (1993) argued that mortgage payments should be considered a part of savings; and Tachibanaki (1994) referred to it as "forced savings". Applying cross-sectional data for Taiwan, Lin and Chen (1998) and Lin, Chen, and Lin (2001) considered mortgage payments as part of households' savings. They found that the adjusted total savings rate for homeowners with a mortgage increased by almost one half. Therefore, they suggested that the omitted forced saving is an important reason to explain the saving decline in Taiwan after housing price appreciation in1987.
Applying a time series data in Taiwan, this paper estimates the impact of housing appreciation on household savings behavior in Taiwan, while including mortgage payment as forced savings. More specifically, we re-examine the wealth effect on savings when the forced savings is included. We also propose that the impact of housing price appreciation and other variables on savings can be mis-estimated, and that this would also lead to a slower convergence rate in an economy by ignoring forced savings.
The structure of this study is as follows: In Section 2, we first explain the theoretical relationship between housing price and savings behavior, and then build two simple saving functions, traditionally defined savings and forced savings. The data and variables for forced savings in Taiwan are explained in Section 3. The time series analysis and empirical findings are presented in Section 4, and Section 5 concludes the study.
Relationship of Housing Price and Savings Behavior in Taiwan
In traditional savings behavior, a household's saving is a function of income, interest rate, wealth, age profile, attitude toward risk, and attitude toward intertemporal substitution. 3 First of all, saving is a positive function of income, 2 For some discouraged people their consumption may increase when the housing price increased drastically since it is almost impossible for them to save enough money to buy a housing unit. See Tachibanaki (1994) and Hsueh and Lee (1998) . 3 Deaton (1992) provides an excellent discussion for the determinants of households' saving function.
too. On the other hand, the effect of interest rate on saving is uncertain and it depends upon degree of substitution effect and income effect. Usually, the interest rate has a positive effect on savings in the short run, while the long-run effect is uncertain. Furthermore, according to Lin et al. (1999) , saving is a positive function of total wealth including fixed asset and stocks. Finally, saving is a concave function of age groups, in that both younger older people usually have a lower savings rate, while middle aged persons have a higher savings rate.
In order to explain the sharply decreasing savings trend in Taiwan, in addition to income, interest rate, and aging trend, we take into account of the effect of housing prices (capital gain effect or the wealth effect) on saving behavior in Taiwan. Since the home ownership rate in Taiwan is extremely high, 4 there are two effects of higher housing prices on saving behavior. First, the wealth effect on saving is significant. When the real housing prices rise, homeowners may obtain housing capital gain which makes them feel richer and leads them to consume more. Lin et al. (1999) and Hsueh (2001) have confirmed the existence of the negative wealth effect of housing prices on saving.
On the other hand, those who intend to buy a house will face increased down payment and mortgage payments after housing price appreciation. In order to prepare for a higher down payment, those who intend to buy a house have to save more as the housing prices appreciate. Therefore, their savings rate increases However, after buying their new houses, their savings drop quickly because they have to pay very large mortgage payments. Lin and Chen (1998) found that the saving rate of homeowners with a mortgage is significantly lower than that of homeowners without mortgage payments, even though the average income of the former is higher than the latter. Applying the forced savings concept of Tachibanaki (1994) , Lin and Chen (1999) and Lin et al. (2001) included the mortgage payments with the traditional savings and found that the total saving rates for those who with and without mortgage payments were very close.
In order to identify the capital gain effect and the forced saving effect of housing price appreciation on saving behavior in Taiwan Where TS = real total saving (traditional definition of saving); ATS = TS + real forced saving (mortgage payment of housing loans); DY = real disposable income; HP = real housing prices; IR = real interest rate; OLD = proportion of elderly people.
5
According to the PIH (Permanent Income Hypothesis), the impact of disposable income on total saving is positive. Furthermore, the net influence of real private interest rate on real saving depends on the magnitude of substitution effect and wealth effect. By life-cycle theory, a larger number of elderly persons would increase total consumption and decrease total saving, Moreover, Tachibanaki(1994) proposed that aging trend would reduce housing-related savings of future generations. Therefore, the effect of the proportion of the elderly on total saving would be negative.
For the effect of the real housing price appreciation on saving, there is no general agreement on the housing capital gain effect in many related literature. Skinner (1994) pointed out that housing capital appreciation depresses non-housing savings, depending on at least three assumptions: first, that the capital market allows homeowners to spend their housing wealth; second, that homeowners treat housing wealth similarly to other types of wealth; third, that there is no bequest motive. However even if the housing capital gain effect is uncertain, housing appreciation would still make the forced saving of housing loans rise. In our total savings model, the increase of real housing price would raise housing mortgage payments so that the impact of a change in real housing price on saving is negative (housing capital gain effect may less or equal to zero, but forced saving effect is definitely negative). However, in the forced savings model, we have taken into account the forced savings effect so that the housing price appreciation would increase forced savings (mortgage payment) to raise the adjusted total saving (ATS). Combining the positive forced saving effect and the uncertain capital gain effect, the net impact of the real housing price on adjusted total saving is undetermined.
In conclusion, the signs of the explanatory variables in our two models could be expected as followed:
5 In Section 4 of this paper, we will give more details about the definition of these variables.
Total savings model TS f DY HP IR OLD Forced savings model ATS g DY HP IR OLD
In our empirical study, we also introduce a housing dummy (before 1987=0, after 1987=1) to take care of possible structural change in the macroeconomic situation of Taiwan.
In this paper, we employ cointegration analysis to avoid the possibility of a spurious relation of traditional regression in nonstationary time series variables, and we follow the maximum likelihood estimation procedure. After obtaining the long-run cointegration relationships, we construct the error correction terms and estimate the error correction models, which can capture the dynamic adjustment pattern of saving. Comparing the coefficients in these two models can give significant conclusions on saving behavior in Taiwan. Taiwan   Table 1 shows the ratio of monthly mortgage payment to income for households with housing mortgages in Taiwan. It is clear that the payment ratio has increased sharply from 1987 to 1989, as real housing prices increased sharply during that period. This implies that forced savings rose as housing prices appreciated. Therefore, if we add mortgage payments into the tradition definition of total savings, the adjusted total savings must be increased.
The Estimation of Forced Savings in
Furthermore, as households bought more housing units after the rapid housing price appreciation, the impact of forced savings on total savings would be even stronger, since usually mortgages take a long time to be paid off.
However, one problem in calculating the forced savings for Taiwan is that Taiwan lacks the data for total mortgage payments to banks as a whole.
6 Only the balance of total housing mortgages is reported each year, which is the unexpired total housing loan of the whole banking system. In order to estimate total monthly mortgage payments, we apply the raw data of the Housing Survey in Taiwan Area from 1981 to 1989 and 1993. 7 To get a complete time series data after 1993, we adopt the balance of housing-purchasing loans reported as consumer loans in the Financial Statistic Monthly Taiwan District, 1989 District, to 2000 Since on the average, home mortgages are paid off in seven years in Taiwan, 9 we divide the balance of mortgage into seven years to approximate the amount of yearly mortgage payment. Then we put these two time series data of estimated forced saving together to see if the data are consistent. 10 Figure 3 shows that the two data points of 1989 and 1993 are almost the same, so that we can combine these two time series to get a complete time series data for mortgage payment for further econometric analysis in this study. Figure 3 shows that the amounts of mortgage payment grew up rapidly after the housing price appreciation. Since the impact of real housing prices on forced savings would be accumulated over time, if one analyzes savings behavior under the traditional definition of savings the distortion of actual savings behavior would become more and more serious after the huge housing price appreciation. For this reason, we add forced saving to traditional total savings and derive the adjusted total savings rate (ATSR), as shown in Figure 2 . Here, it can be seen that the traditional total savings rate (TSR) underestimate households' actual savings, and the degree of underestimation increases over time.
11 This verifies the long-run accumulation effect of housing price appreciation on savings. Therefore, the amount of total saving under traditional definition declined year by year after housing price appreciation, because more and more forced savings was omitted.
When we put mortgage payments back into the tradition total savings in Figure 2 , the adjusted saving rate in Taiwan tends to recover gradually in recent years. In conclusion, in order to properly describe households' saving behavior, we should consider forced savings effect to correctly estimate the impact of housing price appreciation on savings in Taiwan.
Empirical Study
The empirical analysis below uses aggregate quarterly time-series data from 7 The years that the Housing Survey was been conducted in Taiwan. 8 Published by Bureau of Construction, Ministry of Interior Affairs, Taiwan. 9 See the analysis of Liu and Chang (1997) on the average length of home mortgage in Taiwan. 10 Remember the data points for the years of 1989 and 1993 of the two time series overlap each other, which provides a good chance to check if the estimation is good or not. 11 This is because the discrepancy between total savings (TS) and adjusted total savings (ATS) becomes larger over time.
1981 to 2000 to test the effect of housing windfalls on saving behavior in Taiwan.
The original data for all variables are derived from the official website of the DGBAS in Taiwan, except for forced savings and real housing prices. The estimated amount of forced saving has been explained in Section 3. The variables are defined as follows:
TS: real total saving, billions of NT dollar.
TSR: real saving rate, TS/GDP, %.
ATS: adjusted real total saving (or forced saving), TS + mortgage payment (only the principle), billions of NT dollar.
ATSR: adjusted real saving rate, ATS/GDP, %.
IR: real interest rate, %. We apply the black market rate in Taipei City for this variable.
12 DY: real disposable income, billions of NT dollar.
HP: real housing prices, NT$ per pin. 13 We apply the pre-sale housing prices for this indicator.
14 OLD: the ratio of total number of persons sixty-five years of age and older to total population of Taiwan, % All real variables above are deflated by the GDP deflator, and the base year is 1996. Moreover, the variables including TS, ATS, DY, HP, are taken as logarithms.
A few time-series studies have shown that housing wealth has a positive effect on consumption, such as Bhatia(1987) and Hendershott and Peek(1987) . But a potential shortcoming of these time-series regressions is the possible spurious relation between consumption and explanatory variables. So we have to examine the stationary of the variables in our model before we apply those data.
First, we employ the ADF unit root test. Before the cointegration rank test, we must choose a proper lag length for the VAR-models to pass the diagnostic check. From Table 3 we can get the optimal lag lengths k=4 in both the total savings model and the forced savings model. The p-values of L-B, LM(1) and LM(4) residual non-autocorrelation test in two models are 0.12, 0.29, 0.80 and 0.22, 0.44, 0.84, respectively. These indicate that we can not reject the null hypothesis of non-autocorrelation; that is, residuals are white noise.
Second, we use a trace test and a λ max test to determine the cointegration rank in our two models. According to Table 4 , both in the total savings model and in the forced savings model, we can not reject that there is one cointegration vector at the 2.5% significant level based on theλ max test and at the 1% significant level based on the trace test. The results imply that there exists only one cointegration relationship among all variables in both the saving models. Therefore, there is a long-run equilibrium among real total savings, real disposable income, real housing prices, real private interest rate and the proportion of the elderly. Table 5 summarizes the normalized cointegration vectors and the corresponding loadings in two models so that the cointegration relationships are 15 :
In the total savings model: Tables 5 and 6 , in both saving models, the signs of the coefficients are all consistent with our expectation. The impacts of a change in real disposable income (DY) on real national saving (TS) and real adjusted national saving (ATS) are significantly greater than zero (2.368 and 1.899), which is consistent with the predictions of the permanent income theory. The intertemporal substitution effect of the increase of the real interest rate is stronger than the wealth effect in our two empirical models, which is consistent with the empirical results of Liu (1982) and 15 Wicken (1996) pointed out that if the cointegration vector is unique and the model is well-defined, then the cointegration vector of Johanson's maximum likelihood estimation could be uniquely identified and explained economically.
is different from the findings of Chen (1984) and Tseng (1987) . Based on the life-cycle theory and our results, the increase of the proportion of the elderly should lower the aggregate saving ability in Taiwan. This is consistent with the conclusions of Sun and Liang (1981) and Hou and Chou (1987) . Tachibanaki (1994) also pointed out that the serious aging trend may even have a strong discouraging impact on the housing-intent savings in 21 century.
Although the rise of real housing prices would significantly make both real total savings and real adjusted total savings decline, the sources and the degree of the impact are quite different in the two models. In the total savings model, the influence of real housing prices on real national savings contains both capital gain effect and mortgage payment effect. However, when real housing prices appreciate, there is a potentially negative capital gain effect and a certain negative mortgage payment effect, which thus discourage total savings. But in the forced savings model, since we have put the mortgage payments into total saving, there is a potentially negative capital gain impact and certain positive forced saving effect when the real housing prices appreciate.
As our estimation of the forced saving model, the coefficient of HP (0.326) verifies the existence of housing capital effect, which is consistent with Bhatia (1987), Hendershott and Peek (1989) , Hsueh and Lee (1998) and Lin et al. (1999) .
The increase in real housing prices would bring homeowners capital gain and wealth illusion. Furthermore, from the cointegration vectors in Table 5 , b 3 (0.326) in the forced savings model is smaller than β 3 (0.514) in the total savings model.
That is, when we put the forced saving effects of housing price appreciation into the traditional savings, the impact of the real housing prices on total savings would decline. In other words, we would overestimate the housing capital gain effect on saving if we omit the forced saving effect when real housing prices appreciated. In order to estimate the correct impact of housing prices and of other variables on total saving, we should put mortgage payments into the traditionally defined savings as forced savings.
Then, based on the cointegration relationships in Table 5 , we construct the error correction terms in our two models to construct the error correction model (ECM) to compute the speed of adjustment whenever there is a shock, throwing major variables out of equilibrium. saving at the previous period is higher than the long-run equilibrium value, then total saving would spontaneously adjust to the direction of equilibrium level this period.
But the absolute value of the coefficient of the error correction term (12.4%) in the total savings model is smaller than that in the forced savings model (24.1%). This implies that the convergence rate in the total saving model is slower than that in the forced saving model. The convergence rates of the two models can be compared clearly in Figure 4 . In conclusion, if we neglect the forced saving effect of the change in housing prices, we would get a slower convergence rate due to the misleading cointegration relationship of the variables.
Finally, we examine the fitness of the above two error correction models. From the information criteria (AIC and SC) in Tables 8 and 10 , the forced saving ECM performs slightly better than the total saving ECM. To go one step further, we adopt the two ECMs to forecast the saving patterns during 1995 to 2000, respectively. In Tables 8 and 10 , we find that the RMSE, MEA and MAPE in ECM of the forced savings model is smaller than that in the total savings model. That is, the ECM of the forced savings model forecasts the savings behavior in Taiwan better than the total savings model. In short, if the forced savings effect is neglected, one would get larger forecast errors when the traditional total savings is applied. Skinner (1993) viewed housing wealth as a precautionary "buffer". Deaton and Paxson (1993) believed that mortgage payments are a part of savings, and Tachibanaki (1994) referred to it as "forced savings". In this paper, we introduce this concept and employ cointegration analysis to suggest the explanation of savings decline in Taiwan since 1987. We derive several important findings as follows:
Conclusion
First, from our estimation in Section 3, the amount of forced savings in Taiwan has accumulated rapidly after housing price appreciation in 1987, and this resulted in the underestimation of households' actual saving behavior under traditional saving definition. However, when we considered mortgage payments as a part of forced savings, the adjusted savings rate recovered recently.
Second, in our two savings models, the rise of real housing prices would discourage total savings. However, the negative impact of housing appreciation in the forced savings model is weaker than that in the total savings model. This is because of our deduction of the effect of housing price on mortgage payment in the forced saving model. In conclusion, one would overestimate the housing capital gain effect on saving if the forced saving effect by housing price appreciation is omitted. In order to estimate the correct impact of housing price and other variables on total savings, one should add mortgage payments as forced savings into the traditionally defined savings, as in our forced savings model. Third, the coefficients of the error correction terms in our two ECMs reveal that the convergence rate in the traditionally defined savings model is slower than that in the forced savings model. Consequently, ignoring the impact of housing price appreciation on forced savings, the speed of short-run adjustment in total saving would be significantly slower, and it would take more time to reach the long-run equilibrium.
Fourth, for forecasting purpose, the forecast errors in ECM of the forced savings model are smaller than that in the total savings model. This indicates that the forced savings model ECM performs better in forecasting than the total savings model. Based on these conclusions, the decline of total savings rate in Taiwan could be explained by the omission of forced savings. The degree of underestimation of households' saving behavior in traditional savings definition becomes larger and larger after housing price appreciation in late 1980's. If we include the housing-motive forced savings into the total savings, the adjusted saving rate has recovered recently. In short, the savings decline in Taiwan is not because people are less thrifty, but the definition of savings is the key point in the discussion of saving behavior.
But along with the aging trend in Taiwan, the large number of elderly people would reduce the overall saving ability through life-cycle theory. Moreover, as Tachibanaki (1994) mentioned, the aging trend with strong bequest motive may discourage housing-related saving. In addition, the social insurance programs would reduce the uncertainty faced by households and lower the precautionary demand for savings. Therefore, we expect that the trend of total savings rate in Taiwan must decrease in the long run, following the national health insurance program, which started in 1995.
In this paper we were restricted to the time series of our estimation in forced savings, and had to take the estimation efficiency of our models into account, so we could not analyze many other factors which may be important in savings decisions. If a complete housing financial database could be established, it would be helpful for further studies on savings behavior in Taiwan. Note: * The simulation results of Gonzalo (1994) showed that even if the residual is not normal, there is little impact on Johanson's estimation procedure. Critical values can be referred to in Hansen and Juselius(1995) , Appendix B. 157 -0.026 -0.221 -0.020 -0.001 -0.197 -0.024 -0.231 -0.032 -0.001 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 time Figure 2 The trends of total savings rate (TSR) versus adjusted total savings rate (ATSR) 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
